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SWITCHABLE DIODE DEVICES HAVING According to an embodiment the first transistor is a P - type 
TRANSISTORS IN SERIES transistor , the second transistor is an N - type transistor and 

the third transistor is an N - type transistor . 
CROSS - REFERENCE TO RELATED According to an embodiment the drain of the second 

APPLICATIONS 5 transistor is connected to the drain of the first transistor and 
the source of the second transistor is connected to the drain 

This application is a continuation application of U.S. of the third transistor . 
application Ser . No. 16 / 856,448 , filed on Apr. 23 , 2020 , now According to an embodiment , a reference potential is 
U.S. Pat . No. 11,133,798 , which application claims priority applied on the source of the third transistor . 
to French Patent Application No. 1904484 , filed on Apr. 26 , According to an embodiment , a DC voltage is applied 
2019 , which applications are hereby incorporated herein by between the common gates of the first and second transistors 
reference in their entirety . and the source of the third transistor . 

According to an embodiment , the digital signal is adapted 
TECHNICAL FIELD to control , in an ON / OFF manner , the passage of a current 

in the association in series . 
The present disclosure relates generally to electronic According to an embodiment , the association in series 

devices and , more specifically , to chips integrating one or forms , as a function of the state of the digital signal 
more input - output circuits comprising connection pads . controlling the third transistor , sometimes a diode and 

20 sometimes an open circuit . 
BACKGROUND One embodiment provides a device comprising exclu 

sively three transistors as described . Input - output circuits , integrated in a chip , that comprise One embodiment provides an electronic chip comprising 
so - called “ intolerant " connection pads are known . These at least one such device . 
intolerant pads typically have means of protection against 25 According to an embodiment , the source of the first possible current injections . The current injections via con transistor of said device is coupled to at least one connection nection pads can , in certain cases , produce harmful effects pad of the chip . 
for the chip . It is thus desirable to guard against these current According to an embodiment , a supply voltage of the chip injections , generally by using diodes . One of the drawbacks is applied between the common gates of the first and second 
linked to the use of these diodes stems from the fact that this 30 transistors and the source of the third transistor . 
restricts a range of input voltages admissible by the circuit . One embodiment provides a method for controlling such This restriction sometimes turns out to be detrimental to a device , wherein the digital control signal is placed in a first certain applications , for which a larger range of voltages is state for imparting a diode function and the digital control 
desirable . signal is placed in a second state for forcing an open circuit . Input - output circuits comprising so - called “ tolerant " con 
nection pads are also known . By means of these circuits BRIEF DESCRIPTION OF THE DRAWINGS 
equipped with tolerant pads , it is possible , compared to 
circuits equipped with intolerant pads , to expand the range The foregoing features and advantages , as well as others , 
of admissible input voltages without risking a degradation of will be described in detail in the following description of 
the chip as well as of the signal applied on the pad . It is in specific embodiments given by way of illustration and not 
particular possible , for specific applications , to bring these limitation with reference to the accompanying drawings , in 
tolerant pads to electrical potentials substantially higher than which : 
a supply potential for supplying the chip . The intolerant pads FIG . 1 illustrates , in a schematic fashion , an example 
cannot , however , in certain applications , be replaced by 45 electronic chip ; 
tolerant pads . FIG . 2 illustrates , in a schematic fashion , an example 

Currently , a decision is made before the manufacture of input - output circuit of an electronic chip ; 
the chip regarding which type ( tolerant or intolerant pad ) the FIG . 3 illustrates , in a schematic fashion , a further 
pad of each input - output circuit will be . This decision is , example input - output circuit of an electronic chip ; 
most of the time , conditioned by the target applications . 50 FIG . 4 illustrates , in a schematic fashion , an embodiment 
Once the chip has been manufactured , the type of pad of of an input - output circuit of an electronic chip ; and 
each input - output circuit is no longer modifiable . This thus FIG . 5 illustrates , in a schematic fashion , an embodiment 
imparts a poor flexibility to existing input - output circuits . of a diode that is switchable by a digital signal . 

Like features have been designated by like references in 
SUMMARY 55 the various figures . In particular , the structural and / or func 

tional features that are common among the various embodi 
Embodiments provide flexibility of existing input - output ments may have the same references and may have identical 

circuits . structural , dimensional and material properties . 
One embodiment addresses all or some of the drawbacks 

of known input - output circuits . DETAILED DESCRIPTION OF ILLUSTRATIVE 
One embodiment provides a device comprising , in series , EMBODIMENTS 

a first transistor , a second transistor , connected to the first 
transistor and a third transistor , connected to the second For the sake of clarity , only the operations and elements 
transistor , said third transistor being controlled by a digital that are useful for an understanding of the described embodi 
signal . 65 ments herein have been illustrated and described in detail . In 

According to an embodiment , the transistors are MOS particular , the generation of the signals to be transmitted by 
transistors . the input - output circuits and the processing of these signals 
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have not been described in detail , the described embodi- potential VDD generally corresponds to a supply voltage of 
ments being compatible with conventional applications of the chip 1 from a supply source ( not illustrated ) . The voltage 
input - output circuits . VDD is typically comprised between 1.8 V and 3.6 V. A 

Unless indicated otherwise , when reference is made to negative supply pin 3117 of the amplifier 311 is brought to 
two elements that are connected together , this means a direct 5 any electrical potential ( not illustrated ) . A negative supply 
connection without any intermediate elements other than pin 3137 of the amplifier 313 is brought to a reference 
conductors , and when reference is made to two elements that potential ( typically ground , GND ) . 
are linked or coupled together , this means that these two In the example shown in FIG . 2 , an anode 3311 of the 
elements can be connected or be linked or coupled by way diode 331 of the protective circuit 33 is connected to the 
of one or more other elements . 10 connection pad 15 of the chip 1. A cathode 3313 of the diode 

In the following disclosure , unless indicated otherwise , 331 is connected to the positive supply pin 3115 of the 
when reference is made to absolute positional qualifiers , amplifier 311 of the levelling circuit 31. An anode 3331 of 
such as the terms “ front ” , “ back ” , “ top ” , “ bottom ” , “ left ” , the diode 333 is connected to the negative supply pin 3137 
" right " , etc. , or to relative positional qualifiers , such as the of the amplifier 313 of the levelling circuit 31. A cathode 
terms “ above ” , “ below ” , “ higher ” , “ lower ” , etc. , or to quali- 15 3333 of the diode 333 is connected to the connection pad 15 
fiers of orientation , such as “ horizontal ” , “ vertical ” , etc. , of the chip 1. The cathode 3313 of the diode 331 is thus 
reference is made to the orientation shown in the figures . brought to the potential VDD while the anode 3331 of the 

Unless specified otherwise , the expressions " around ” , diode 333 is grounded GND . It is assumed in the following , 
“ approximately ” , “ substantially ” and “ in the order of ” sig- for the purposes of simplification , that the ground potential 
nify within 10 % , and preferably within 5 % . 20 GND is zero ( GND 0 V ) . The potential GND thus consti 
FIG . 1 illustrates , in a schematic fashion , an example tutes a reference potential for the circuit 1 . 

electronic chip 1 . The anode 3311 of the diode 331 and the cathode 3333 of 
In the example shown in FIG . 1 , the electronic chip 1 the diode 333 of the protective circuit 33 of the chip 1 are , 

comprises circuits 3 or input - output cells . The input - output in FIG . 2 , both connected in a further connection node 335 . 
circuits 3 allow the core 2 ( CORE ) of the chip 1 to 25 The pad 15 , the connection nodes 315 and 335 , the anode 
communicate with the outside . Each input - output circuit 3 3311 of the diode 331 , the cathode 3333 of the diode 333 , the 
is , still in the example shown in FIG . 1 , connected to an input 3113 of the amplifier 311 and the output 3131 of the 
input terminal 11 ( IN ) of the core 2 of the chip 1 , an output amplifier 313 are thus ( with the exception of the drops in 
terminal 13 ( OUT ) of the core 2 of the chip 1 and a pad 15 parasitic voltages in the conductors ) at the potential of the 
( PAD ) allowing , for example , a connection of the chip 1 to 30 pad PAD , designated as VPAD . 
contact elements ( not illustrated ) located at the surface of a The diodes 331 and 333 of the protective circuit 33 are on , 
circuit board ( not illustrated ) . i.e. they let through an electrical current , when they are 
The input - output circuits 3 typically form an input - output biased by a voltage greater than a threshold voltage , desig 

ring ( I / O ring ) . These input - output circuits 3 allow , for nated as VSEUIL . It is assumed in the following , for the 
example , the core 2 of the chip 1 to exchange digital signals 35 purposes of simplification , that the diodes 331 and 333 are 
with the outside . The input - output circuits 3 generally ensure both characterized by an identical threshold voltage 
a protective function against electrostatic discharges capable VSEUIL . This threshold voltage VSEUIL is typically in the 
of damaging the core 2 of the chip 1 . order of 0.7 V for a silicon diode ( PN junction ) . 
FIG . 2 illustrates , in a schematic fashion , an example For the purposes of simplification , avalanche phenomena 

input - output circuit 3 of an electronic chip . 40 potentially occurring in the diodes 331 and 333 in the case 
In the example shown in FIG . 2 , the input - output circuit of an application of a strong inverse voltage are disregarded . 

3 ( for example , one of the input - output circuits 3 of the chip The diode 331 is thus only considered on if a voltage V1 at 
1 as shown in FIG . 1 ) is composed of a levelling circuit 31 , least equal to the voltage VSEUIL is applied between its 
comprising in particular two amplifiers or buffer circuits anode 3311 and its cathode 3313. Otherwise ( if the voltage 
( buffers ) 311 and 313 and of a protective circuit 33 , com- 45 V1 is strictly lower than the voltage VSEUIL ) , the diode 331 
prising in particular two diodes 331 and 333 . is considered off , i.e. it does not let any current through . In 

In the following , the buffer circuits 311 and 313 will be the example shown in FIG . 2 , the voltage V1 is equal to 
designated as amplifiers , although it is clear that they do not VPAD - VDD . 
necessarily amplify the digital signal applied on their input . Similarly , the diode 333 is only considered on if a voltage 
Their first function is to bring the high and low input levels 50 V3 , at least equal to the voltage VSEUIL , is applied between 
to the respective supply potentials of the circuit 311 , 313 in its anode 3331 and its cathode 3333. Otherwise ( if the 
question in the example , the potential VDD and ground voltage V3 is strictly lower than the voltage VSEUIL ) , the 
GND ) , with the exception of the drops in voltage in the one diode 333 is considered off , i.e. it does not let any current 
or more transistors constituting the circuit 311 , 313 in the on through . In the example shown in FIG . 2 , the voltage V3 is 
state . 55 equal to -VPAD . 
An output 3111 of the amplifier 311 of the levelling circuit Three cases of operation are thus theoretically possible , as 

31 is , in FIG . 2 , connected to the input terminal 11 ( IN ) of a function of the value of the voltage VPAD , for the 
the core 2 ( FIG . 1 ) of the chip 1. An input 3133 of the input - output circuit 3 in a first case , if the voltage VPAD is 
amplifier 313 is connected to the output terminal 13 ( OUT ) strictly comprised between -VSEUIL and VDD + VSEUIL , 
of the core 2 ( FIG . 1 ) of the chip 1. An output 3131 of the 60the diodes 331 and 333 are off ( as the voltages V1 and V3 
amplifier 313 and an input 3113 of the amplifier 311 are are thus both strictly lower than the voltage VSEUIL ) , in a 
connected to each other , in this example by way of a second case , if the voltage VPAD is lower than or equal to 
common connection node 315. This connection node 315 is -VSEUIL , the diode 333 is on ( as the voltage V3 is thus 
connected to the connection pad 15 ( PAD ) of the chip 1 . greater than or equal to the voltage VSEUIL ) while the diode 
A positive supply pin 3115 of the amplifier 311 and a 65 331 is off ( as the voltage V1 is thus strictly lower than the 

positive supply pin 3135 of the amplifier 313 are , in FIG . 2 , voltage VSEUIL ) and in a third case , if the voltage VPAD 
both brought to a same electrical potential VDD . This is greater than or equal to VDD + VSEUIL , the diode 331 is 
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on ( as the voltage V1 is thus greater than or equal to the static discharges . This component 51 is , in this example , 
voltage VSEUIL ) while the diode 333 is off ( as the voltage connected in parallel to the diode 333 . 
V3 is thus strictly lower than the voltage VSEUIL ) . However , the chip 1 is thus not protected against sustained 

The first case of operation corresponds to a normal positive voltages and it must be ensured that the application 
situation . In this situation , the input - output circuit 3 of the 5 ( connected to the pad 15 ) does not impose a positive voltage 
chip 1 accommodates , on its pad 15 , a range of voltages greater than what the components of the chip 1 can support . 
VPAD comprised between -VSEUIL and VDD + VSEUIL . The protection ESD of the component 51 , indeed , only 
The pad 15 of the circuit 3 is thus considered an “ intolerant protects against temporary overvoltages . pad " . It is not possible with the input - output circuit 5 of the chip The second case typically corresponds to an abnormal 10 
situation due to a negative injection , or negative overvolt 1 , however , to satisfy applications for which the diode 331 

( FIG . 2 ) is needed . In other words , the circuits 3 ( FIG . 2 ) and age , on the pad 15. The diode 333 being on in this case , a 5 each have different advantages , inherent in the presence or current can thus flow from the ground GND toward the pad absence of the diode 331 ( FIG . 2 ) . 15 , which makes it possible to protect the levelling circuit 31 
against the negative overvoltage . FIG . 4 illustrates , in a schematic fashion , an embodiment 

The third case typically corresponds to a further abnormal of an input - output circuit 7 of an electronic chip . 
situation due to a positive injection , or positive overvoltage , According to this embodiment , the input - output circuit 7 
on the pad 15. The diode 331 being on in this case , a current shown in FIG . 4 is , for example , yet a further input - output 
can thus flow from the pad 15 toward a supply source of the circuit of the chip 1. This input - output circuit 7 comprises 
chip 1 , which makes it possible to protect the levelling 20 elements in common with the input - output circuit 5 shown 
circuit 31 against the positive overvoltage . in FIG . 3. These common elements will not be described 

The diodes 331 and 333 of the protective circuit 33 thus again in detail in the following . 
make it possible to protect the levelling circuit 31 of the The input - output circuit 7 shown in FIG . 4 differs from 
input - output circuit 3 against possible overvoltages , positive the input - output circuit 5 shown in FIG . 3 mainly in that the 
or negative . The diode 331 constitutes an injection path 25 circuit 7 comprises an additional component 71 ( SWID ) , or 
towards the supply VDD . The diode 333 constitutes an switchable diode , and an additional terminal 17 ( EN ) . The 
extraction path from the ground GND . switchable diode 71 is , in FIG . 4 , connected by a first A drawback linked to the implementation of the diodes connection pin 711 , to the connection node 335 , by a second 331 and 333 resides in the fact that one is forced , during connection pin 713 , to ground GND , by a third connection normal operation , to avoid exceeding , on the pad 15 of the 30 pin 715 , to the terminal 17 of the chip 1 and by a fourth chip 1 , a voltage VPAD approximately equal to VDD + 
VSEUIL . This constraint can prevent the chip 1 from being connection pin 717 , to a supply source ( not illustrated ) 

applying the potential VDD . used for applications where there is a need to apply a voltage 
VPAD substantially greater than VDD + VSEUIL . The terminal 17 is , preferably , on the side of the chip core 
FIG . 3 illustrates , in a schematic fashion , a further 35 ( not illustrated in FIG . 4 ) , which makes it possible to avoid 

example input - output circuit 5 of an electronic chip . modifying the number of pads external to the chip 1 . 
The input - output circuit 5 shown in FIG . 3 is , for A digital signal ( or ON / OFF signal ) , designated as CMD , 

example , a further input - output circuit of the chip 1. This is applied on the terminal 17 of the chip 1. The digital signal 
input - output circuit 5 comprises elements in common with CMD thus reaches the switchable diode 71 by way of its 
the input - output circuit 3 shown in FIG . 2. These common 40 third pin 715. This digital signal CMD is adapted to control 
elements will not be described again in detail in the follow the switchable diode 71 . 
ing . According to a preferred embodiment , a first state , pref 
The input - output circuit 5 of FIG . 3 differs from the erably a high state , of the control signal CMD allows the 

input - output circuit 3 of FIG . 2 mainly in that the circuit 5 switchable diode 71 to behave like a diode in which an 
does not comprise a diode 331. There is thus , in the 45 anode , corresponding to the first pin 711 of the switchable 
input - output circuit 5 , no possible path of injection toward diode 71 , is brought to the potential VPAD and a cathode , 
the supply VDD . corresponding to the third pin 715 of the switchable diode 

The absence of the diode 331 ( FIG . 2 ) allows the input- 71 , is brought to the potential VDD . 
output circuit 5 shown in FIG . 3 to accept , on its pad 15 , an When the signal CMD is in the high state , everything 
expanded range of voltages compared to the range of 50 works as if the input - output circuit 7 shown in FIG . 4 
admissible voltages of the circuit 3. This allows , for comprised a diode between the terminal 15 of the chip 1 and 
example , a chip 1 to use a same pad 15 to convey various the supply VDD . In other words , the circuit 7 is thus 
types of signals as a function of one or more applications . It comparable to the circuit 3 ( FIG . 2 ) , with the exception that 
is thus in particular possible to apply , on the pad 15 of the the switchable diode 71 of the circuit 7 provides an injection 
circuit 5 , a voltage VPAD substantially greater than VDD . 55 path towards the ground GND while the diode 331 of the 
This operation is also possible as it is possible by means of circuit 3 provides an injection path towards the supply VDD . 
the design of the amplifiers 331 and 333 to support voltages When the signal CMD is in the high state , one thus reverts 
greater than the voltage VDD on the pad 15 without risking to an operation of the circuit 7 equivalent to that of the 
a degradation of the components and without triggering an circuit 3 ( FIG . 2 ) , with the difference that a positive over 
excessive leakage current that could alter the integrity of the 60 voltage ( VPAD > VDD + VSEUIL ) is no longer evacuated 
signal applied on the pad 15. For a supply voltage VDD in toward the supply VDD , but toward the ground GND . 
the order of 3 V , a voltage VPAD in the order of 5 V can thus According to this embodiment , a second state , preferably 
typically be imposed on the pad 15. The pad 15 of the circuit a low state , of the control signal CMD makes it possible to 
5 is considered a “ tolerant pad ” . form , between the first pin 711 and the second pin 713 of the 

The protective circuit 33 comprises , in FIG . 3 , an addi- 65 switchable diode 71 , an open circuit . 
tional component 51 ( ESD ) by means of which it is possible When the signal CMD is in the low state , the circuit 7 is 
to protect the levelling circuit 31 against possible electro- thus comparable to the circuit 5 shown in relation to FIG . 3 . 
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When the signal CMD is in the low state , one thus reverts 753 of the first and second transistors 73 and 75 and the 
to an operation of the circuit 7 similar to that of the circuit source 771 of the third transistor 77 . 
5 ( FIG . 3 ) . For the purposes of simplification , all the transistors 73 , 

Depending on the state of the signal CMD applied on the 75 and 77 are considered as having a same threshold voltage 
terminal 17 of the chip 1 , it is thus possible to obtain , still 5 value , designated as VTH . 
in accordance with a preferred embodiment sometimes an The first transistor 73 is theoretically on if a voltage 
intolerant pad 15 , i.e. a component 71 behaving like a diode , higher than or equal to the voltage VTH is applied between 
when the signal CMD is in the high state and sometimes a its source 731 and its gate 733. The first transistor 73 is tolerant pad 15 , i.e. a component 71 behaving like an open theoretically off if a voltage strictly lower than the voltage 
circuit , when the signal CMD is in the low state . 
Compared to the circuit 3 ( FIG . 2 ) and the circuit 5 ( FIG . VTH is applied between its source 731 and its gate 733 . 

The second transistor 75 is theoretically on if a voltage 3 ) , the circuit 7 of the chip 1 has the advantage that it 
possesses a configurable pad 15 , as a tolerant pad or as an greater than or equal to the voltage VTH is applied between 
intolerant pad , as a function of the state of the digital signal its gate 753 and its source 751. The second transistor 75 is 
CMD applied on the terminal 17 of the chip 1. This thus 15 theoretically off if a voltage strictly lower than the threshold 
imparts a greater flexibility to the circuit 7 and , more voltage VTH is applied between its gate 753 and its source 
specifically , to the chip 1 . 751 . 
FIG . 5 illustrates , in a schematic fashion , an embodiment The third transistor 77 is theoretically on if a voltage 

of a diode that is switchable by a digital signal . greater than or equal to the voltage VTH is applied between 
According to this embodiment , a switchable diode , for 20 its gate 773 and its source 771. The second transistor 77 is 

example the switchable diode 71 ( SWID ) of the circuit 7 theoretically off if a voltage strictly lower than the threshold 
( FIG . 4 ) , is composed , preferably , of an assembly in series voltage VTH is applied between its gate 773 and its source 
of a first transistor 73 ( M1 ) , of a second transistor 75 ( M2 ) 771 . 
and of a third transistor 77 ( M3 ) . It has been observed in the foregoing that the source 731 

The transistors 73 , 75 and 77 of the switchable diode 71 25 of the first transistor 73 is connected to the pad 15 of the chip 
are , preferably , field - effect transistors of the MOS type . In 1. The source 731 of the first transistor 73 is thus placed at 
the example shown in FIG . 5 , the transistors 75 and 77 of the the potential VPAD . The gate 773 of the third transistor 77 
switchable diode 71 have , compared to the transistor 73 , is connected to the terminal 17 of the chip 1. The gate 773 different type of conductivity . The transistor 71 is , prefer of the third transistor 77 is thus controlled by the digital ably , a P - type or P - channel MOS transistor ( or P - channel 30 signal CMD . MOSFET , PFET , PMOS , etc. ) while the transistors 75 and It is assumed that a high state ( CMD = 1 ) of the signal 77 are both N - type or N - channel MOS transistors ( or 
N - channel MOS ET , NMOS , etc. ) . CMD is encoded by the application , on the terminal 17 , of 

According to a preferred embodiment , the first transistor a voltage greater than or equal to VTH . The third transistor 
73 is such that a source 731 of the first transistor 73 is 35 77 is thus on when the signal CMD is in the high state . 
connected to the terminal 15 of the chip 1 , a gate 733 of the It is assumed that a low state ( CMD = 0 ) of the signal CMD 
first transistor 73 is brought to the supply potential VDD of is encoded by the application , on the terminal 17 , of a 
the chip 1 and a drain 735 of the first transistor 73 is voltage strictly lower than VTH . The third transistor 77 is 
connected to a drain 755 of the second transistor 75 . thus off when the signal CMD is in the low state . 

The second transistor 75 is , still in accordance with this 40 A plurality of cases of operation of the switchable diode 
preferred embodiment , such that a source 751 of the second 71 can thus occur , as a function of the respective values of 
transistor 75 is connected to a drain 775 of the third the potentials VDD and VPAD as well as of the digital signal 
transistor 77 , a gate 753 of the second transistor 75 is CMD . These different cases of operation are listed in the 
brought to the supply potential VDD of the chip 1 and a table below . 
drain 755 of the second transistor 75 is connected to the 45 
drain 735 of the first transistor 73 . TABLE 1 

The third transistor 77 is , still in accordance with this 
preferred embodiment , such that a source 771 of the third Transis Transis 

transistor 77 is grounded GND , a gate 773 of the third 
transistor 77 is connected to the terminal 17 of the chip 1 and 50 off 
the drain 775 of the third transistor 77 is connected to the off 

source 751 of the second transistor 75 . > VDD + VTH Referring to the designations of FIG . 4 : the source 731 of 
the first transistor 73 is connected to the first pin 711 of the 
switchable diode 71 , the gate 733 of the first transistor 73 55 
and the gate 753 of the second transistor 75 are intercon A current can thus theoretically only flow , between the nected to form the fourth pin 717 of the switchable diode 71 , 
the gate 773 of the third transistor 77 is connected to the terminal 15 and the ground GND of the chip 1 , if all 

transistors 73 , 75 and 77 of the switchable diode 71 are on . third pin 715 of the switchable diode 75 and the source 771 
of the third transistor 77 is connected to the second pin 713 60 Based on the table above , it is evident that the switchable 
of the switchable diode 71 . diode 71 is only on in case 6. The switchable diode 71 is thus 

The bulks of the transistors M2 and M3 are intercon on if the voltage VPAD is greater than or equal to VDD + 
nected to the source 771 of the transistor M3 ( ground GND ) . VTH , if the signal CMD is in the high state and if the voltage 
The bulk of the transistor M1 is connected to the source 731 VDD is greater than the threshold voltage VTH . 
of the transistor Mi ( pad 15 ) . When the signal CMD is in the high state ( case 5 and case 
ADC voltage ( VDD ) , preferably the supply voltage of the 6 ) , the switchable diode 71 thus behaves like a diode 

chip 1 , is thus applied between : the common gates 733 and characterized by a threshold voltage equal to VTH . When 

Transis 
tor 75 Case VDD VPAD CMD tor 73 tor 77 

0 off 1 
2 

< VDD + VTH 
VDD + VTH 

< VDD + VTH 
0 on 

off 

off 
off 
off 
off 

on 

SVTH 
SVTH 
> VTH 
> VTH 
> VTH 
> VTH 

3 
4 
5 
6 

on on 
off on on < VDD + VTH 

VDD + VTH on on on 
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the signal CMD is in the low state ( cases 1 to 4 ) , the cathode coupled to the connection terminal , and an anode 
switchable diode 71 behaves , on the other hand , like an open coupled to the reference voltage . 
circuit . 3. The electronic chip according to claim 1 , wherein the 

The switchable diode 71 distinguishes itself from the input - output circuit further comprises an electrostatic dis 
diode 331 ( FIG . 2 ) in that it prohibits any injection of current 5 charge protection circuit coupled to the connection terminal 
toward the supply VDD when the chip 1 is disconnected and the reference voltage . 
from a voltage supply ( i.e. when the supply of the chip 1 is 4. The electronic chip according to claim 1 , wherein the 
turned off , VDD = 0 ) . switchable diode device comprises a first transistor con 

Assuming that the voltage VDD is zero , i.e. that it is nected to the reference voltage , the first transistor compris 
desired to keep the chip 1 switched off or disconnected from 10 ing a gate connected to the enable terminal . 
a voltage supply , the application of a voltage to a pad 15 5. The electronic chip according to claim 4 , wherein 
associated with a diode 331 ( as shown in relation to FIG . 2 ) the switchable diode device comprises 
can cause an injection of current toward the supply VDD . a second transistor connected to the external pad , and 
There is thus a risk of preventing the disconnection or a third transistor connected to the second transistor and 
switching off of the chip 1. On the other hand , the applica- 15 the first transistor , and 
tion of a voltage to a pad 15 associated with a switchable the second transistor and the third transistor each com 
diode 71 cannot cause an injection of current toward the prise a gate directly connected to the supply voltage . 
supply VDD . The chip 1 is thus kept disconnected or 6. The electronic chip according to claim 5 , wherein 
switched off . the first transistor is an N - type transistor , 
The switchable diode 71 has , as a consequence , the 20 the second transistor is a P - type transistor , and 

advantage of preventing the chip 1 that it is desired to keep the third transistor is an N - type transistor . 
disconnected from being involuntarily resupplied by the 7. The electronic chip according to claim 1 , wherein the 
application of a voltage on the pad 15 . switchable diode device comprises a current path between 

Various embodiments and variants have been described . the external pad and the reference voltage controlled by the 
Those skilled in the art will understand that certain features 25 control signal . 
of these embodiments can be combined and other variants 8. The electronic chip according to claim 7 , wherein the 
will readily occur to those skilled in the art . In particular , current path comprises a transistor connected to the refer 
what has been shown more specifically in relation to an ence voltage , the transistor comprising a gate connected to 
example application to an input - output circuit applies more the enable terminal . 
generally to any electronic circuit in which it is desired to 30 9. A method of applying a digital signal to a chip core of 
realize a switchable diode 71 . an electronic chip , the method comprising : 

Finally , the practical implementation of the embodiments applying a first control signal to an enable terminal of a 
and variants described herein is within the capabilities of switchable diode device of an input - output circuit of an 
those skilled in the art based on the functional description electronic chip , the first control signal causing the 
provided hereinabove . switchable diode device to operate as a diode compris 

ing a first threshold voltage , 
What is claimed is : wherein the input - output circuit is coupled between an 
1. An electronic chip comprising : external connection pad of the electronic chip and a 
a chip core comprising an input terminal and an output chip core of the electronic chip , and 

terminal ; wherein the switchable diode device is coupled 
an external connection pad ; between a supply voltage and the external connec 
an input - output circuit coupled between the chip core and tion pad ; 

the external connection pad , the input - output circuit applying a second control signal to the enable terminal of 
being configured to facilitate exchange of digital sig- the switchable diode device , the second control signal 
nals between the chip core and circuitry coupled to the 45 causing the switchable diode device to operate as an 
external pad , wherein the input - output circuit com open circuit ; 
prises a switchable diode device coupled between a applying a first digital signal to the external connection 
supply voltage and the external connection pad , the pad while applying the second control signal to the 
switchable diode device comprising an enable terminal enable terminal , the first digital signal comprising a 
coupled to the chip core , and a connection terminal 50 voltage greater than the sum of the supply voltage and 
coupled to the external pad ; wherein the switchable the first threshold voltage ; and 
diode device is configured to providing the first digital signal to an input terminal of the 
operate as a diode comprising a threshold voltage in chip core through the input - output circuit . 

response to a control signal in a first state applied to 10. The method according to claim 9 , further comprising : 
the enable terminal , and applying a negative overvoltage to the external connec 

to operate as an open circuit in response to the control tion pad , the negative overvoltage comprising a voltage 
signal in a second state applied to the enable termi- less than the difference between a reference voltage and 
nal ; and a second threshold voltage of a diode comprising a 

wherein the input - output circuit is configured to provide cathode coupled to the external connection pad and an 
a digital signal comprising a voltage greater than the 60 anode coupled to the reference voltage ; and 
sum of the supply voltage and the threshold voltage to preventing the negative overvoltage from being applied to 
the input terminal of the chip core in response to the the input terminal of the chip core . 
control signal in the second state being applied to the 11. The method according to claim 9 , further comprising : 
enable terminal while the digital signal is being applied applying a second digital signal to the external connection 
to the external connection pad . pad while applying the first control signal to the enable 

2. The electronic chip according to claim 1 , wherein the terminal , the second digital signal comprising a voltage 
input - output circuit further comprises a diode comprising a between 
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the sum of the supply voltage and the first threshold charge protection circuit connected between the exter 
voltage , and nal connection pad and a reference voltage . 

the difference between a reference voltage and a second 15. The method of claim 9 , further comprising protecting 
threshold voltage of a diode comprising a cathode the electronic chip by : 
coupled to the external connection pad and an anode 5 switching off or disconnecting the electronic chip from 

the supply voltage to switch the electronic chip off ; coupled to the reference voltage ; and causing the switchable diode device to operate as an open providing the second digital signal to the input terminal of circuit ; the chip core through the input - output circuit . applying a voltage to the external connection pad ; and 
12. The method according to claim 11 , further compris- preventing the electronic chip from being switched on 

ing : while the voltage is applied to the external connection 
applying a sustained positive overvoltage to the external pad using the operation of the switchable diode device 

connection pad while applying the first control signal to as the open circuit . 
the enable terminal , the sustained positive overvoltage 16. The method according to claim 15 , wherein switching 
comprising a voltage greater than the sum of the supply off the electronic chip comprises applying zero voltage to a 
voltage and the first threshold voltage ; and supply voltage node connected to the chip core . 

preventing the sustained positive overvoltage from being 17. The method according to claim 15 , wherein causing 
the switchable diode device to operate as the applied to the input terminal of the chip core . circuit open 

13. The method according to claim 11 , further compris comprises switching off the switchable diode device by 
ing : applying a digital signal to an enable terminal of the swit 

chable diode device . applying a third digital signal to the external connection 
pad while applying the first control signal to the enable 18. The method according to claim 17 , wherein 
terminal , the third digital signal comprising a voltage the switchable diode device comprises a transistor con 
greater than the sum of the supply voltage and the first nected to a reference voltage , and 
threshold voltage ; and the transistor comprises a gate connected to the enable 

terminal . preventing the third digital signal from being applied to 
the input terminal of the chip core . 19. The method according to claim 15 , wherein causing 

the switchable diode device to operate as the open circuit 14. The method according to claim 9 , further comprising : 
applying a temporary overvoltage to the external connec comprises disconnecting the switchable diode device from 

tion pad while applying the second control signal to the the supply voltage . 
enable terminal , the temporary overvoltage comprising 20. The electronic chip of claim 1 , further comprising : 
a voltage greater than that which the chip core can a levelling circuit coupled to the connection terminal and 
support ; and comprising an input coupled to the input terminal of the 

preventing the temporary overvoltage from being applied chip core , and an output coupled to the output terminal 
to the input terminal of the chip core by passing the of the chip core . 
temporary overvoltage through an electrostatic dis 
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